Objectives: To study the influence of change in self perceived psychosocial work characteristics on subsequent rates of sickness absence. Methods: Prospective cohort study of British civil service employees. Job control, job demands, and work social supports were measured in 1985/88 and in 1991/93. Analyses included 3817 British civil servants with sickness absence records at baseline and for two follow up periods, early (1994-95) and later follow up . Results: Change in work characteristics predicted subsequent incidence of long spells of sickness absence (.7 days) in the early follow up period after adjustment for covariates including baseline work characteristics, health status, and sickness absence. Adjusted rate ratios were 1.23 (95% CI 1.03 to 1.46) for decreased compared with stable decision latitude; 1.17 (95% CI 1.01 to 1.36) for increased compared with stable job demands and 0.79 (95% CI 0.67 to 0.93) for increased compared with stable work social support. These associations were also seen in a sub-sample who did not change employment grade. In the later follow up period, associations between work change and long spells of sickness absence were similar for decision latitude, less pronounced for job demands, and no longer apparent for social supports. Changes in work characteristics were not associated with subsequent short spells of sickness absence ((7 days). Conclusions: Adverse changes in the psychosocial work environment may lead to increased rates of sickness absence. These findings suggest that workplace interventions to improve psychosocial working conditions may reduce levels of sickness absence.
F
indings from prospective studies show that stressful working conditions, such as low decision latitude, high job demands, and low work social supports, are related to subsequent ill health including psychiatric morbidity, 1 poor health functioning, 2 3 sickness absence, [4] [5] [6] and coronary heart disease. [7] [8] [9] As a result, a stressful working environment is now recognised as a workplace hazard and policies are being introduced to improve psychosocial working conditions. For example, in 2004 the UK Health and Safety Executive introduced management standards for work related stress covering domains that included demands, control, and work supports. 10 It has been suggested that a potential benefit for employers who manage to improve psychosocial working conditions is reduced levels of sickness absence. However, the few previous studies that have examined the impact of change in psychosocial working conditions on subsequent sickness absence have been limited to a context of organisational downsizing. 11 12 Thus, research is still needed to determine the short and long term influences of changes in psychosocial work environment that occur in less exceptional settings.
The Whitehall II study provides an opportunity to study the impact of change in work characteristics on health as this London based cohort of civil servants was recruited during a period of stable employment (1985-88) but subsequently there was a period during which some sections of the civil service underwent restructuring, including the application of market forces. This was reflected in changes in self report work characteristics between phase 1 of the study and phase 3 (1991-93) as job demands increased, work social supports decreased, and decision latitude improved. 5 However, these changes did not affect participants equally and so we were able to divide the cohort into those who experienced adverse or beneficial change and compare sickness absence rates in these groups with rates for those whose work environment had remained unchanged. Previous findings from the Whitehall II study have shown an association between levels of work characteristics and subsequent sickness absence. 4 The aim of this paper is to examine the influence of changes in psychosocial working conditions on subsequent sickness absence levels in both an early follow up period (1994-95) and a later period . We analyse short ((7 days) and long (.7 days) spells of sickness absence separately as long spells of sickness absence have been found to be stronger predictors of mortality and other objective measures of physical illnesses and medical conditions. [13] [14] [15] 
METHODS

Participants
Non-industrial civil servants aged 35-55 years working in the London offices of 20 departments were invited to participate in the Whitehall II study. 16 Between 1985 and 1988, participants attended a screening examination and completed a self report questionnaire (phase 1). Altogether 10 308 civil servants (6895 men and 3413 women) were examined giving an overall response rate of 73%. A postal questionnaire was administered in 1989 (phase 2) and participants took part in a further screening examination in 1991-1993 (phase 3). The participation rate at phase 3 was 83%. The average follow up between phase 1 and phase 3 was 5.3 years. Ethical approval for the Whitehall II study was obtained from the University College London Medical School committee on the ethics of human research.
Work characteristics
Self completion questions were based on the Karasek and Theorell job content instrument. 17 Decision latitude (15 items; Cronbach's a = 0.84), psychological job demands (4 items, Cronbach's a = 0.67), and work social supports (6 items; Cronbach's a = 0.79) were measured at phase 1 (1985-85) and phase 3 (1991-1993) . Total scores were expressed as a percentage of the maximum for each scale so that scores ranged from 0 to 100. At phase 3, repeat measurements of work characteristics were collected about one month later for a subsample of 267 participants. The within subject standard deviation from this test-retest data gives an estimate of measurement error and was 7.1, 11.7, and 11.2 for decision latitude, job demand, and work social supports respectively.
Change in work characteristic scores from phases 1 to 3 were computed and participants were classified into one of three groups ''stable'', ''decrease'' (decrease .10 scale points), or ''increase'' (increase .10 scale points). Change in job strain (high demands in combination with low decision latitude) was also examined. At each phase, participants were classified into three categories: high job strain if they reported both high job demands and low decision latitude (classified as above and below the median score respectively), low job strain if they reported both low job demands and high decision latitude, and medium job strain otherwise. Change in job strain between phase 1 and 3 was categorised as: ''stable'', ''decrease'', or ''increase''.
Sickness absence
Computerised sickness absence records were obtained from civil service pay centres for 9179 (89%) of the 10 308 participants. For absences of seven calendar days or less, civil servants were able to complete their own certificate and explain the absence. For absences longer than seven days, a medical certificate was required. Sickness absence records were checked and any overlapping or consecutive spells of sickness absence were merged after taking account of weekends and public holidays. For each employee, we calculated the number of long spells (.7 days) and the number of short spells (1-7 days) for two periods subsequent to the measurement of work change, an early follow up (1994-95) and a later follow up (1996-1998). We also calculated measures for a baseline period of sickness absence (1985) (1986) (1987) (1988) (1989) expressed as rates for each employee: number of short spells per year, number of long spells per year, and number of days absent per year.
Other covariates Employment grade was obtained by asking participants for their civil service grade title. The Civil Service identifies 12 non-industrial grade levels on the basis of salary. For analysis purposes, these grade levels were grouped into six categories ranging from top administrative grades to clerical/office support grades. Job mobility was defined as change in employment grade between phases 1 and 3. Health and health behaviour measures at baseline included presence of longstanding illness, minor psychiatric morbidity (score . 4 on the 30 item general health questionnaire), presence of recurring health problems in the previous year, frequency of alcohol consumption in the past year, and smoking status. Body mass index was computed from recordings of height and weight at screening. 16 
Statistical analysis
We fitted Poisson regression models to study the association of change in psychosocial work characteristics with incidence of both short and long spells of sickness absence. For short spells, there was considerable residual variation in excess of the Poisson distribution so standard errors and confidence intervals were inflated to take account of this overdispersion. 18 We tested whether associations differed by sex or employment grade by including interaction terms. No significant interactions were detected so results are presented for men and women combined. As job mobility or change in income could be potential confounding factors, we repeated analyses for the subgroup who did not change employment grade. We also examined whether presence of longstanding illness at baseline or baseline long spells of sickness absence (none compared with any long spells) moderated the association between work change and subsequent spells of sickness absence by fitting models including interaction terms between these variables and change in working conditions. The statistical significance of interactions was tested by comparing the goodness of fit of models with and without the interaction terms. All analyses were performed using the SAS program version 8.02.
RESULTS
Information on baseline sickness absence, decision latitude, job demands, and work social supports at both phases 1 and 3 was available for 6637 participants. Of these, 4018 participants were still working in the civil service and had (14) 565 (21) 868 (32) *Change = phase 32phase 1 score. ÀPaired t test for change in work score between phases 1 and 3 .`''Stable'' defined as change (10 scale points. Increase and decrease defined as change .10 scale points.
sickness absence data for the period 1994-95 and were therefore eligible for this analysis. Information on some baseline covariates was missing for 201 (5%) of this group. Therefore, this paper includes the 3817 participants (1048 women, 2769 men) with measures of psychosocial work characteristics at phases 1 and 3, sickness absence data in 1994-95 and complete data on baseline covariates. Table 1 shows levels of work characteristics at phase 1 and phase 3 and change in work characteristics between phase 1 and 3. A decrease in decision latitude and social support scores would be considered an adverse change whereas a decrease in job demands score would be considered a beneficial change. On average, there was a significant adverse change in job demands whereas decision latitude tended to improve. Although average social support scores were similar at the two phases, there were individual changes between phases 1 and 3 so that only 39% were classified as having stable scores. For all three work characteristics, the standard deviation for change between phases 1 and 3 was about 1.7 greater than the within subject standard deviation estimated from short term test-retest data indicating that changes were greater than might be expected from measurement error alone. Similar patterns of change in work characteristics were seen for the 2746 participants whose employment grade did not change. Table 2 shows the association of change in work characteristics with subsequent long spells of sickness absence in the early follow up period (1994) (1995) . Results for three models are presented, the first adjusting for age, grade, and sex only, the second with an additional adjustment for baseline work characteristics, and the third additionally adjusting for job mobility, pre-existing baseline health, baseline rates of sickness absence and other predictors of sickness absence (alcohol consumption, smoking habits, and body mass index). After adjustment for age, grade, and sex, adverse change in decision latitude was associated with increased rates of long spells of sickness absence (rate ratio 1.31). This association was not explained by baseline levels of work characteristics. The association was reduced but still significant in the fully adjusted model (rate ratio 1.23).
Long spells of sickness absence (1994-1995)
Change in job demands was not significantly related to long spells of sickness absence in the age-grade-sex adjusted model. However, after taking account of baseline work characteristics, those with adverse changes in job demands had an increased risk of long spells of sickness absence (rate ratio 1.21). This association was slightly reduced but still significant in the fully adjusted model (rate ratio 1.17). A decrease in job demands was associated with reduced risk of long spells of sickness absence. Although there was no clear linear trend for work social supports, beneficial changes in work social supports predicted reduced rates of long spells of sickness absence after adjustment for all covariates (rate ratio 0.79).
The above analyses were replicated for the subgroup whose employment grade did not change to discount job mobility (and corresponding changes in status and income) as a possible explanation for the observed associations (table 2) . Similar patterns of results were seen with adverse changes in decision latitude or job demands predicting higher rates of long spells of sickness absence and beneficial changes in work social supports predicting lower rates of long spells of sickness absence. Tests of interaction for differences by sex or employment grade in the influence of work change on sickness absence were all non-significant. Less than 5% of the sample had spells in total of 90 or more days and excluding these people with very long absences from the analysis had little effect on our findings.
The Karasek job strain model suggests that high job demands will have the greatest adverse effect on health in those with low decision latitude. Increase in job strain was a significant predictor of long spells of sickness absence (rate ratio 1.24). However, this finding may reflect the combined additive effect of adverse changes in job demands and decision latitude.
We examined whether the association of work change with subsequent long spells of sickness absence differed according to pre-existing baseline ill health. The association of change in decision latitude with long spells of sickness absence differed according to presence or absence of longstanding illness at baseline (p value for interaction ,0.001). Adverse change in decision latitude was a stronger predictor of long spells of sickness absence among those reporting a baseline longstanding illness (adjusted rate ratio 1.38). Interaction terms for baseline ill health by change in job demands and by change in work social support were not significant.
Long spells of sickness absence (1996-1998)
As change in work characteristics may also have long term effects, we examined long spells of sickness absence for a later period (1996-98). A total of 3052 participants were included in this analysis and table 3 gives results from the model including adjustments for all covariates. A similar effect size was obtained for change in decision latitude with a rate ratio of 1.21 for decreased decision latitude (compared with 1.23 in the early period). The effect size for job demands was slightly reduced in the later period with a rate ratio of 1.09 for increased job demands in the later period (compared with 1.17 in the early period). However, change in work social support was not significantly associated with long spells of sickness absence in the later period (rate ratio of 1.01 for improved social support compared with 0.79 in the early period). Table 4 presents the association between change in work characteristics and subsequent rates of short spells of sickness absence in the early follow up years (1994-95). Changes in decision latitude, job demands, and work supports were not significant predictors of subsequent rates of short spells. Change in job strain was also not significantly related to rates of short spells (rate ratio for adverse change in job strain versus stable job strain: 0.94). Interactions terms for work change by sex, work change by employment grade and work change by baseline ill health were all nonsignificant. Similar non-significant associations were seen for the later follow up period (results not shown). 
Short spells of sickness absence
Reverse causality
The possibility of reverse causality was investigated using linear regression with continuous work change scores as the outcome. Baseline rates of short and long spells of sickness absence were not significant predictors of change in decision latitude or work social supports but baseline rates of long spells did predict change in job demands. The increase in job demands was significantly greater among those not taking any long spells at baseline (mean change in job demands 3.0) compared with those taking two or more long spells (mean change in job demands 1.7). This difference became more pronounced after adjustment for other baseline predictors of change in job demands and was not explained by employment grade.
DISCUSSION
We have shown that improvements in work social supports were associated with a reduced risk of subsequent long spells of sickness absence and that adverse changes in decision latitude and job demands were related to increased risk of taking long spells of sickness absence. These associations remained after adjustment for baseline work characteristics, job mobility, baseline rates of sickness absence, and other predictors of sickness absence. These associations also existed in the sub-sample that did not change employment grade. A strength of this study is that we were able to take advantage of natural changes in working conditions as the study cohort was recruited during a comparatively stable period of employment. Subsequently, there were important changes in the organisation of the British civil service that were reflected in changes in perceived working conditions. Earlier findings from the Whitehall II study showed clear relations between baseline work characteristics and prospective sickness absence over a five year period. 4 Employees with high levels of control and high levels of support at work had lower rates of long spells of sickness absence after adjustment for age and employment grade. Among women, high levels of job demands were also associated with increased risk of long spells of sickness absence. Many other prospective studies have also shown a link between a single measurement of psychosocial work conditions and morbidity, but there is less evidence on the relation between change in working conditions and health.
Our findings on change in psychosocial working conditions correspond with a cross sectional Swedish survey that showed an association between a retrospective report of increased job control and lower sickness absence. 19 These results also accord with previous longitudinal research investigating changes in job control, job demands, and work social supports among Finnish public sector employees during and after a period of economic decline. Adverse changes in the three work dimensions when compared with beneficial changes were associated with a 10%-30% increased risk of sickness absence after adjustment for baseline job characteristics. 12 In addition, organisational downsizing predicted increased rates of sickness absence 11 and cardiovascular mortality 20 and part of the association between downsizing and sickness absence was explained by concomitant changes in job control and job insecurity. 21 Swedish studies found that both downsizing and workplace expansion were correlated with increased job strain and adverse psychophysiology, but only expansion was associated with increased sickness absence. [22] [23] [24] In contrast with Finnish findings, downsizing was related to reduction of sickness absence spells exceeding 14 days. 22 The Whitehall II study found increases in minor psychiatric morbidity and consultations with a general practitioner in an 18 month follow up of employees with insecure employment after privatisation. 25 Some small scale studies have shown that changes in work characteristics are related to blood pressure 26 and biochemical risk factors. 27 Decreased job control over a retrospective 10 year period was associated with myocardial infarction in a case-referent study. 28 Results from workplace intervention studies suggest that interventions aimed at increasing control and support at work had short term effects on reducing sickness absence rates in the 6-12 months after intervention. [29] [30] [31] A Swedish study explored the changes in the work environment and health of employees after an educational programme for managers at an insurance company. Compared with the control group, improved authority over decisions and lowered serum cortisol were detected among subordinates of managers belonging to the intervention group. 32 It may be that the health effects of working conditions differ in the short and long term. For example, the impact of adverse working conditions on physical illness may become more apparent over a longer period. In contrast, stronger effects in the short term might represent more immediate health effects such as worsening mental health. We examined the association of work change with sickness absence in the period immediately after reported work change (1994/5) and also a later period (1996/8). The effects of change in decision latitude on long spells of sickness absence did not differ in the early and late period. However, the association of changing job demands was less noticeable in the later period and there was no association between changing work social supports and long spells of sickness absence in the later period.
The difference in short and long term associations raises the possibility that early manifestations of health problems might have influenced the psychosocial exposure. It is also possible that sickness absence behaviour leads to changes in work characteristics rather than the reverse. However, in this study there was little support for such reverse causality in general or as an explanation for observed associations between changes in psychosocial environment and sickness absence. In most cases, baseline health and sickness absence did not predict change in working conditions. The exception was that baseline rate of long spells of sickness absence was inversely associated with subsequent increase in job demands. It may be that sickness absence is both a consequence and a cause of change in job demands. For example, not taking long spells may be related to overcommitment to work that leads to increased job demands.
The effects of a changing psychosocial work environment may not be identical for all employees. While baseline ill health and sickness absence patterns did not predict change in decision latitude, presence of longstanding illness at baseline did seem to moderate the association between change in decision latitude and subsequent risk of taking long spells of sickness absence (significant interaction between change in decision latitude and baseline longstanding illness). These findings suggest that employees with a chronic illness are more likely to take sickness absence if their control over working conditions deteriorates. Associations between work change and sickness absence did not differ significantly between men and women.
We have compared separate groups experiencing adverse or beneficial changes with a ''stable working conditions'' group. We have also investigated the association between continuous work change scores and sickness absence. There
Policy implications
Workplace interventions to improve psychosocial working conditions may reduce levels of sickness absence was a clear dose-response association between change in job demands and risk of long spells of sickness absence. However, this was less clear for decision latitude where an increase was either not associated (early follow up) or associated with an increased risk of long spells of absence (later follow up). For social supports, sickness absence rates in the early follow up were highest in the group classified as having stable social supports.
Changes in decision latitude, job demands and work supports did not significantly predict subsequent rates of short spells of sickness absence. It is possible that the rate of short spells of sickness absence, in contrast with long spells of sickness absence, does not effectively measure adverse change in health. In the Whitehall II study, long spells of sickness absence have been found to be a more powerful predictor of all cause mortality than established self reported health measures and available objective measures of physical illnesses and medical conditions. 13 Findings from the 10-town study have also shown long spells of sickness absence to be strong predictors of early retirement and several specific causes of death. 14 15 Methodological considerations We were able to take account of important predictors of sickness absence including socioeconomic position, job mobility, baseline health status, baseline sickness absence patterns, and baseline health behaviours. An advantage of studying influence of change in working conditions is that this reduces the possibility that any observed associations are spurious as a result of confounding by unobserved stable personal characteristics. Furthermore, we were able to study change in working conditions independent of change in job mobility so that observed associations are not likely to be attributable to residual confounding by income or social status. 33 Studies based on self report measures of both work exposure and health may overestimate associations if some people report negatively about both work and health. The use of sickness absence record data means that such common method bias can not be an explanation for our findings. Other strengths were the reliable data on sickness absence and employment grade.
A limitation in this study is that change in psychosocial working conditions was based on measures taken on just two occasions both subject to measurement error. For this reason, we chose to include a fairly wide range of work change scores in the ''stable work characteristics'' group classifying people into the 'stable'' group if their change scores were less or equal to 10 score points, equivalent to at least one standard deviation in the baseline distribution of work characteristic scores. Another limitation is that the cohort was restricted to white collar workers in government employment so results may not be generalisable to other types of occupation.
In the demand-control model, an increase in demands combined with a reduction of job control would be expected to be particularly deleterious. Our results suggest that there is little additional synergistic effect of simultaneous change in both job demands and decision latitude. However, our cohort may have been underpowered for this test and a larger sample size may be needed to detect multiplicative interaction effects.
CONCLUSION
Our findings from a well characterised prospective cohort study show that changes in working conditions influence subsequent long spells of sickness absence. This suggests that there may be a causal association. Less is known about the extent to which organisations are capable of implementing favourable changes and the health consequences of such favourable changes in psychosocial working conditions. Thus, there is now a need for large scale studies of workplace interventions to evaluate the impact of improving working conditions. The methodology for randomised studies is challenging so the next step may be to collect data from systematic ''natural'' experiments, such as may occur as employers begin to implement new public health policies on work related stress.
